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Abstract
The ash stock in forest litter influences the fertility of forest soil and should be studied. Litter samples were taken at
70 locations within a 270x60 metre transect in 2004-2007 in the bog birch forest, western Siberia. A geostatistical
model with external trend was applied to describe the spatial pattern of the ash mass (kg m-2) on the forest floor.
Hydrological factors, used as explanatory variables in an external trend equation, account for the main portion of
spatial variation (83% and 49% in the years of, respectively, low and high spring flooding). Covariance structure of
the data, connected with patterns of vegetation and silt deposits, explains the smaller portion of spatial variation (12%
and 38%). The unexplained variation is minor (5% and 13%).
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1. Introduction
In the study area, litter is the layer of organic matter that covers the forest floor and consists mainly of
plant debris in different degrees of decomposition. Litter is of great importance to the life of forest
ecosystems. Forest litter maintains soil fertility and contributes significantly to forest stand productivity.
In Siberian bog forests, from 33% to 52% of physiologically active roots are arranged in the litter layer.
The litter's ash content is a percentage of the total sum of all minerals, such as non-volatile oxides of Fe,
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Al, Si, Р, Ca, Mg, K, Na. The timber yield of a bog forest is positively correlated with the litter's ash 
stock [1]. The correct indicator of litter fertility is the mass of the ash per unit of area. The spatial
variability of litter properties is usually high. The research aim was to describe the spatial patterns of the
ash mass in the floor litter of a bog birch forest (Betula pubescens Ehrh.) in western Siberia.
2. Objects and methods
2.1. Study area and sampling
The study was performed in the bog birch forest in the interfluve of the Ob and Tom rivers in western
Siberia (Fig. 1). During three years (2004-2006) with a moderate and one year (2007) with a high level of
spring flooding, samples of litter were taken at 70 points within a 260x60 metre transect that was
measured from the stream (Elovka River) to a peat deposit. The lower part of the transect is flooded with
snowmelt water every year in the spring. In 2007, due to the great flooding and early snowfall, only 44
samples of litter were collected. Five types of birch forest occur along the transect, and their ages range
from 63 to 78 [2]. Ground vegetation changes from tall grasses and herbs near the stream to mixed
sphagnum-dead ground cover at the other end. Trees, the ground vegetation and silt deposits are the main
sources of the ash substances in the study area's litter. Three properties of the litter were identified at
sample points: the mass of the litter (kg m-2), the ash content in the litter (%), and the mass of the ash (kg
m-2) as the product of the litter mass and the ash content. The old peaty thalweg crosses the transect at a
distance of 100-140 m from the stream bank. The lowest values of the groundwater level (Fig. 2) were
registered here, and the litter mass, the ash content and the timber yield were also at minimal values in
this location.
2.2. Geostatistics
Geostatistical techniques [3] were applied, and the R language [4] and geoR package [3, 5] were used.
Trend and spherical variogram parameters were fitted by the methods of maximum likelihood and
restricted maximum likelihood. 95% envelopes of empirical variograms for testing the hypothesis of
independent distribution of values were calculated by the simulation method [6]. A method of a kriging
with external trend was used to evaluate the litter properties at missing points.
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Fig. 1. Study site and sampled points locations. Circle size is proportional to the litter mass at the point
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Fig. 2. Groundwater levels. Measurements were made every year in the fall. Data for the 2004-2006 period were averaged
3. Results and discussion
The amounts of precipitation in 2004, 2005 and 2006 were very similar, and the means and trend
parameters of litter properties did not differ significantly. Therefore, it was possible to average the
measured values for every sampling point from the 2004-2006 period. In 2007, an extremely high level of
snowmelt water was observed, and this data was treated separately.
3.1. Trends
Important environmental features, such as drainage and the level of ground water, vary along the
transect on a scale exceeding the transect length. The composition and the structure of the vegetation are
determined by these conditions. In addition, plant communities also generate growth conditions [2].
These facts allow the spatial pattern of the forest litter properties to be described as the sum of the trend
and the covariance structure, and a geostatistical model with external trend to be used. We considered
habitat drainage to be linearly decreasing values as distance from the stream increased. To describe the
dependence of the litter properties from the ground water level and the distance to the stream bank, linear
regression models were applied. These models were used as external trends in geostatistical analysis.The
spatial variations of the litter mass, ash content and ash mass were described as the sum of the trend and
the spatial autocorrelation of residuals. All fitted trend coefficients are significant with p<0.05 (Tab. 1),
and the difference between the trends of 2004-2006 and 2007 are essential.
3.2. Variograms
Sample and model variograms were used to quantify the spatial correlation of the residuals from the
corresponding linear model of trend. Empirical variograms with envelopes from 10000 simulations
(Fig.3) were used to test the hypothesis that there were independent variations of residuals over the
transect area. This hypothesis was rejected because low values of variograms on the lags from 10 to 30
meters lie within the bottom critical area. Fitted parameters of theoretical variograms are in Table 1. The
radii of the spatial correlation were approximately 40 m for the litter mass and 90 m for the ash content in
all years, but for ash mass they were 95 m in 2004-2006 and 40 m in 2007. The explanation for this
difference is that in years of moderate flooding, the spatial pattern of ash mass is determined by the input
of dead vegetation, but under conditions of high flooding, it is determined by the massive input of silt
102 O.P. Sekretenko et al. / Procedia Environmental Sciences 3 (2011) 99–104
Fig. 3. Empirical variances, fitted spherical variograms and sample variograms with 95% envelopes for the residuals of the litter
mass (A, D), the ash content (B, E), the ash mass (C, F) for the 2004-2006 period (A, B, C) and 2007 (D, E, F)
Table 1. Means, variances, trend parameters for litter properties; variances and spherical variogram parameters for residuals
Trend parameters Y=a0+a1·W+a2·D ResidualsLitter property (Y)
and years
N Mean Variance
a0 a1 a2 R
2 variance nugget sill rang
LM2004-2006 70 3.280 6.9e-1 2.2e+0 6.1e-2 -6.5e-3 0.73 1.9e-1 1.0e-1 8.8e-2 39
AC 2004-2006 50 11.8 1.5e+1 1.4e+1 5.0e-2 -3.0e-2 0.71 4.2e+0 1.2e+0 2.9e+0 99
AM 2004-2006 50 0.408 5.0e-2 3.9e-1 7.5e-3 -2.0e-3 0.83 8.2e-3 2.7e-3 5.7e-3 95
LM 2007 44 5.867 5.0e+0 7.1e+0 4.5e-2 -1.9e-2 0.44 2.7e+0 8.5e-1 1.6e+0 40
AC 2007 44 14.9 2.1e+1 1.9e+1 5.0e-2 -4.0e-2 0.55 9.3e+0 5.3e+0 4.0e+0 86
AM 2007 44 0.952 3.9e-1 1.4e+0 9.0e-3 -5.5e-3 0.51 2.0e-1 5.9e-2 1.5e-1 40
N-number of sample points, W - ground water level (cm), D -distance from the stream (m), rang – radius of spatial corelation (m)
LM – litter mass (kg m-2), AC – ash content (%), AM – ash mass (kg m-2)
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Fig. 4. Values of ash mass for 2007, mesured and evaluated by the kriging
deposits. Trend proportion and structural and unexplained variances in the total spatial variance of ash
mass were estimated as the ratio of differences between the total and residual variances to the total
variance and the ratio of the sill parameter of the covariance structure to the total variance. In years with a
moderate level of flooding, the trend component explains 83% of the spatial variability of the ash mass,
the autocorrelation component - 12%, and the unexplained variability - 5%. In the year of high flooding,
the values are respectively 47%, 37% and 16%. A kriging with an external trend was used to estimate the
values of the ash mass for those sample points that were missed in 2007. The estimated values agree with
the measured values (Fig. 4).
3.3. Factors influencing the spatial pattern of the ash mass in the litter
The ash mass depends on the litter mass and on the ash percentage in the litter matter. An input of the
woody plants detritus to the litter is constant within the transect [2]. An input of the silt deposits changes
according to the height of spring flooding. As for the ground vegetation, which consists of herbs, grasses,
ferns and mosses, the variation of detritus from these plants is essential. The species composition of the
ground vegetation and the ash content in these plants change radically along the transect (Fig. 5). It seems
probable that the trend variability is connected with the differences in elevation, the drainage effect of the
stream which decreases along the transect and the ground water level. The structural variability is
connected with the uniform ground vegetation within patches of one forest type and with the pattern of
silt deposits. The unexplained variability is related to the diversity of floristic microassociations.
4. Conclusion
This study investigates the factors influencing the spatial distribution of ash stock in the litter on bog
forest floor. The ash mass is defined as the product of the accumulated litter mass and the ash percentage
in the litter. Measurements of these litter properties were made in the transect on the gradient of soil
moisture content from the dry stream bank to the wetter peat deposit area. A geostatistical approach
allows us to determine that the main factors explaining the spatial variability of the litter properties are
hydrological factors, namely the drift of the ground water level along the transect and the decreasing
drainage effect of the stream as the distance from its bank increases. Five types of birch forest occur along
the transect. The significant spatial correlation of the residuals is explained by the spatial structure of the
vegetation and is associated with the replacement of one forest type by other types. The composition of
the species and the phytomass of the ground vegetation are related to specific forest types.
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Fig. 5. (A) Ash content of the phytomass of plant species in the ground vegetation; (B) proportions of plant species at different
distances from the stream bank
The unexplained portion of the spatial variation is nearly certainly related to the variability of floristic
associations within forest types. The significant differences of the ash mass pattern in years with
moderate and those with high spring flooding are caused by variations in the amounts and patterns of silt
deposits brought by snowmelt water.
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